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TJW& CODE STUDY 

Summary  

The f i r s t  phase of the T i m e  Code St-irly, covered  i n  ths F i r s t  Semiannual  Repor t  

(15 Sept 1964 - 28 May 1565) p r e s e n t s  a survey  and ana lys i s  of tF.e techniques 

used i n  t ime code generat io?,  recording,  decoding, Lransmission an6 dis t r ibut ion 

with pa r t i cu la r  a.ttention to the t i m e  coclc, forimats used. An ana lys is  oi time code 

Q .- ”* .. .. 

ch3.racter is t ics  is presented  i n  ter-ms of rSrne code f o r m a t s  v;tiich a r e  i n  genera l  

use. 

The secorid phasz  of the study-, covcred by th i s  r e p o r t ,  p r e s e n t s  a survey  of tirning 

systzins at the  var ious  riational r angzs ,  s e rv i ce  r anges ,  and NASA fac i l i t i es .  

The subs>-sterns at t!iese fac i l i t i es  a r e  classif ied and cElegoriLed i n  accordance 

with t h e i r  types a n d  functions.  

.. 
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I. INTRODUCTION a 
The  first phase of the T i m e  Code Study w a s  presented i n  the First Semi -  

annual Repor t  (15 Sept 1964 - 28 May 1965) and the supplement to  that  

repor t .  

The  f inal  r epor t  contains informati0n"regarding the second phase of the 

study. 

t ion on t iming s y s t e m s  in  t racking stations and missile t e s t  ranges  and to 

c lass i fy  and categorize the subsys t ems  in  accordance  with the i r  types and 

functions. 

The  objective of the second phase of the study is to compile  in forma-  

T h e  r epor t  is divided into two major  a reas :  (1) a S u m m a r y  of T i m e  Code 

Generat ion Techniques,  and (2) a Summary  of T i m e  Code Distr ibut ion 

T e chnique s . 

Table 1, T i m e  Code Generation, is 2 tabulation of the cha rac t e r i s t i c s  of the 

t ime code generat ion s y s t e m s  at the var ious  t e s t  faci l i t ies  and is  the center  

of the Summary  of T i m e  Code Generation Techniques.  

Table  2, T i m e  Code Distribution by Radio Ci rcu i t s ,  and Table  3, T i m e  Code 

Distr ibut ion by Wire Ci rcu i t s ,  a r e  tabulations of the radio and wi re  d is t r ibu-  

t ion s y s t e m s  at the var ious t e s t  facil i t ies and are the center  of the Summary  

of T i m e  Code Distribution Techniques. 

1 



. .  

11. SUhlMARY O F  FIRST SEMIANNUAL REPORT -4ND SUPPLEMENT 

The  First Semiannual  Repor t  and Supplement (15 Sept 1964 - 28 May 1965) 

p re sen t s  two basic  sect ions as follows: 

Section I, Survey  and Analysis of G e n e r a l  Timing Top ics  

T i m e  Code Generation Techrllques 

Recording of T i m e  Codes  

T i m e  Code Decoding and Data P rocess ing  Techniques  

T i m e  T r a n s m i s s i o n  f r o m  Station to  Station 

T i m e  Code Distribution Within a Station 

Section 11, S y s t e m  Analysis 

Descr ipt ion of T i m e  Code F o r m a t s  

Analysis  of T ime  Code F o r m a t s  

P r e l i m i n a r y  Analysis  of Timing Accuracy  

The  supplementary ma te r i a l  expands ce r t a in  ideas  presented in  the F i r s t  

Semiannual  Report .  

2 



111. SUMMARY O F  TIME CODE GENERATION TECHNIQUES 

A.  GENERAL 

Al l  of the t e s t  ranges  and data faci l i t ies  considered i n  the study use 

essent ia l ly  the s a m e  techniques f o r  the generat ion of t ime  code s ignals  

with relat ively minor  variations f r o m  the basic  time code generat ion 

techniques discussed in  Section I1 A 1 of the F i r s t  Semiannual  Report .  

T h e  ma jo r  differences i n  the t ime code generation s y s t e m s  a r e  i n  the 

techniques used to achieve generation reliabil i ty such as redundant 

frequency sources ,  redundant genera tor  channels,  and the techniques 

used  to  switch the distribution s y s t e m  f r o m  one channel to  the o t h e r .  

T h i s  section of the t ime code study will  emphas ize  these  a r e a s .  

B. TIME CODE GENERATION TABLE 

1. Genera l  

Table  1 surnm-arizes the major  cha rac t e r i s t i c s  of the t ime code 

generation and code compar ison  subsys t ems  a t  the t e s t  r anges  arid 

data  gathering faci l i t ies  considered i n  the study. 

the study will  d i scuss  each cha rac t e r i s t i c  o r  m a j o r  fea ture  i n  

terms of the var ious types and categories  of subsys t ems  used at 

the var ious te  s t  faci l i t ies  . 

This  sect ion of 

2. T i m e  Codes Generated 

A Description of T i m e  Code F o r m a t s  and a n  Analysis  of T i m e  

Code Forrr,ats a r e  presented i n  Section III -4 and B of the F i r s t  

Semian:iual Report .  The  paragraph entitled "Status of Existing 

3 
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T i m e  Code F o r m a t s "  on page 59 s u m m a r i z e s  the use  of the t ime 

code fo rma t s  at the various t e s t  faci l i t ies .  

3. Frequency  Standards 

The  t e r m  "frequency standard" as applied to  t ime code genera-  

t ion s y s t e m s  refers to  the precis ion osc i l la tor  whose output is 

used to  dr ive  the dividing and counting c i r cu i t s  i n  the time code 

genera tor .  The  t e r m  is also used  for the prec is ion  osci i la tor  

which is  somet imes  used a s  a secondary  s tandard i n  a t iming 

sys tem.  Some fundamental cha rac t e r i s t i c s  of these  osc i l la tors  

are presented in  the Supplement t o  the First Semiannual  Repor t  

on page 1. 

Most faci l i t ies  use one o r  m o r e  c r y s t a l  osc i l la tors  t o  dr ive  the 

ac tua l  t ime code genera tors  and use  a t o m i c  osc i l la tors  (e i ther  

rubidium o r  c e s i u m  beam)  as secondary  frequency s tandards  to 

which the c r y s t a l  osci l la tors  a r e  compared .  C r y s t a l  osc i l la tors  

have been used as the operational prec is ion  signal source  in  the 

immedia te  past  because  they haxre been  m o r e  rel iable  and 

considerably l e s s  expensive than a t o m i c  osc i l la tors .  

cause of the l e s s e r  cost ,  it has  Seen feasible  to  use  multiple 

A l so  be- 

c r y s t a l  osc i l la tors  i n  multiple channel t iming s y s t e m s  to  provide 

the ac tua l  t ime code signals and use a sfngle highly stable (and 

m o r e  expensive) a tomic oscil lator as a secondary  s tandard for  

s y s t e m  frequency cont r 01. 

5 



The  a tomic  osc i l la tors  a re ,  however,  continuously becoming 

m o r e  rel iable  and l e s s  expensive. 

such a n  osci l la tor  as a n  operational s ignal  source  as is the case  

It is present ly  feasible  to use 

t 

at White Sands Missi le  Range. 

4. V L F  Frequency  Control  

Prac t ica l ly  all of the t e s t  ranges and da ta  gathering facj es  

uti l ize the stabil ized V L F  radio t r ansmiss ions .  A s  pointed out 

i n  the pa rag raph  enti t led "Time Genera to r  Synchronization" on 

page 7 of the F i r s t  Semiannual Report ,  V L F  has been  l imited to  

the role  of frequency control and has  not been used extensively 

for  t ime synchronization. 

T i m e  synchronization o r  the p rocess  of sett ing the genera tor  1 pps 

signal "on time" has been accomplished up to  the present  by m e a n s  

of WWV and Loran-C radio t r ansmiss ions  and t ravel ing clocks.  

V L F  t r ansmiss ions  have been used t o  maintain t ime synchronization 

once established. 

The  National Bureau  of Standards and Goddard Space Flight Cen te r  

have developed and have been investigating a s y s t e m  utiiizing dual-  

channel V L F  t ransmiss ions  as a m e a n s  of achieving t ime synchro- 

nization. 

recept ion of e i ther  19.9 and 20 .0  kHz o r  20.0 and 20.5 liHz f r o m  

Radio Station W W V L  a t  Fo r t  Collins,  Colorado. 

The  s y s t e m  under study ut i l izes  the simultaneous 

6 



5. Synchronization 

T i m e  code genera tor  synchronization techniques are descr ibed  

briefly in  the paragraph  entitled "Time Genera to r  Synchronization" 

on page 7 of the First Semiannual Repor t  and in  the sect ion enti t led 

"Synchronization of Tim-e Code G e n e r a t o r s  by Manual Ver sus  

Automatic  Methods" on page 3 of the supplement to the F i r s t  S e m i -  

annual Report .  

Practical . ly all of the timing faci l i t ies  are curren t ly  using Loran-C 

t r ansmiss ions  for  synchronization. Sorne faci l i t ies  are using 

Loran-C tracking r ece ive r s ,  while others are using s imple 100 'KHz 

T R F  rece ive r s  and interpret ing the received s ignal  visually. 

Seve ra l  of the faci l i t ies  have had t ravel ing clock v is i t s  for  

synchronization. This  activity wil l  i nc rease  considerably i n  the 

near future.  

Prac t ica l ly  all faci l i t ies  re ta in  the W W V  r e c e i v e r s  i n  the t iming 

stations.  

The  Naval Observa tory  is  deslgn;tted as the re ference  for  de t e r -  

mining epoch t ime fo r  a l l  Department  of Defense faci l i t ies .  

PMR has  been designated as the wes t  coast  re fe rence  s ta t ion by 

the pTaa-al Observa tory  and will  maintain epoch t ime a s  defined by 

the Naval Observatory.  



Regular  checks a t  90-day in te rva ls  by means of Naval Obse rva to ry  

t ravel ing clock t r i p s  will  be made to  cer t i fy  epoch t ime ai PMR.  

PMR has  budgeted for  ces ium b e a m  p rec i s ion  frequency s o u r c e s  

to be t te r  maintain the certif ied epoch. 

PMR wil l  be a n  official monitor of the Hawaiian Loran-C chain. 

T h e  M a s t e r  Station of this chain is  located at Johnston Is land and 

'.a. 

was recent ly  equipped to radiate a 1 pps  epoch signal as initially 

cal ibrated by Naval Observa tory  personnel  using a t ravel ing clock. 

Th i s  Johnston Is land 1 pps epoch signa? i s  mair,tained by the use  of 

c e s i u m  beam frequency s tandards.  T h e  5 9 , 6 0 0  microsecond 

repet i t ion period of the Hawaiian cha in  wi l l  a l so  be der ived f r o m  

the c e s i u m  b e a m  frequency s thndard and  wil l  he useful. i n  verifying 

epoch t ime with a n  ambiguity of 200 microseconds .  

6. Gene ra to r  Advance/Retard C i rcu i t s  

A d v a n c e j r e t a r d  c i rcu i t s  a r e  d i scussed  0x1 page 11 of the First 

Semiannual  Report .  

The  t ime  code gene ra to r s  a t  p rac t ica l ly  all faci l i t ies  utilize digi ta l  

advance / r e t a r d  c i r cu i t s  capable of providing coa r se  and fine 

advance o r  r e t a r d  r a t e s  coupled with a continuously var iable  

r e so lve r  operating a t  a 100  M z  r a t e  as desc r ibed  in  the F i r s t  

Semiannual  Re port .  

7. Simultaneity of Genera to r  Outputs 

Th i s  subject i s  d i scussed  in the p a r a g r a p h  enti t led ' 'Degree of 

Coherency  Between Genera tor  Outputs" on page 15 of the F i r s t  
8 
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Semiannual  Repor t  and i n  the paragraph  enti t led "Simultaneity 

of Genera to r  Outputs" on page 6 of the Supplement  t o  the First 

Semiannual  Report .  

The  time code gene ra to r s  i n  use at the var ious  t iming faci l i t ies  

are of both the type where all outputs are clocked and the type 

where  outputs a r e  derived f r o m  a n o r m a l  binary chain. 

G e n e r a t o r s  with clocked outputs have typical  outputs which are 

simultaneous within io. 1 psecond. 

are riot clocked, typically have outputs that  a r e  simultaneous to  

within zk l  psecond. 

G e n e r a t o r s  whose outputs 

8. Multichannel Timing  Sys tems 

The  m o s t  genera l ly  used  method cf providing t iming rel iabi l i ty  at 

the var ious  t e s t  faci l i t ies  is the use  of additional t iming channels 

i n  the s y s t e m  and incorporating some method of compar ing  the 

outputs of the s e v e r a l  channels to  de t e rmine  the bes t  channel to 

use at any given t ime.  

design the char;nc!s as separate  identical ==its. 

The mos t  commonly used idea is  to  

The  inain 

advantage of th i s  technique is that e i the r  a one-channel, a two- 

channel, o r  a three-channel  t ime generat ing s y s t e m  can  be 

implemeDted, depending on the r e q u i r e m e n t s  of e a c h  specific 

ope rat ion.  

The  method used for  corriparing the outp-Jts of the s e v e r a l  t iming 

channels can be s imple or  m o r e  sophisticated,  a l so  depending on 

9 the re l iabi l i ty  requirements .  



Redundancy in  t ime  generat ing s y s t e m s  c a n  be used  t o  inczease  

the re l iab i l i ty  of ( 1) maintaining g e n e r a t o r  synchronizat ion,  and 

(2) maintaining t iming serv ice .  

Maintaining synchronization is usual ly  the m o s t  impor tan t  con- 

s idera t ion  i n  opeTations where p r e c i s e  synchroniza t ion  is r e -  

qu i red ,  such  a s  sa te l l i t e  t racking s ta t ions .  I n  such  opera t ions  

.. 

re -es tab l i sh ing  synchronization, i f  l o s t ,  usual ly  r e p r e s e n t s  the 

loss of cons iderable  t ime  and effor t .  In  such  c a s e s ,  the l o s s  of 

synchronizat ion i s  more  important  t han  the  l o s s  of t iming s e r v i c e ,  

tha t  is, the ac tua l  time code outputs t h e m s e l v e s .  Usually the 

accumula tor  c a n  be r e s t a r t e d  and t iming  s e r v i c e  re -es tab l i shed  

a f t e r  a f a i lu re  m o r e  readily than synchronizat ion c a n  be ye- 

e stabli s hed. 

Maintaining t iming  serv ice  might  be t h e  m o s t  importari t  con- 

s idera t ion  i n  g e n e r a l  l abora tory  appl ica t ions  where  p r e c i s e  

synchronizat ion i s  not as impor tan t .  

espec ia l ly  where  a single time ge i le ra tor  i s  proiriding til?;ing 

information which is dis t r ibuted to many independent u s e r s ,  

maintaining re l iab le  timing s e r v i c e  might  we l l  be the mos t  

I n  such  appl icat ions,  

. .  

impor tan t  considerat ion.  

W-e f ee l  that the most sa t i s fac tory  m e a n s  of using redundancy to  

i n c r e a s e  the rel iabi l i ty  of maintaining synchronizat ion and t iming 

s e r v i c e  is t o  incorpora te  s e v e r a l  independent chF.nnels iii the 

10 



t iming sys tem.  

technique is  that e i ther  a simple single-channel s y s t e m  o r  a m o r e  

sophisticated three-channel  s y s t e m  c a n  be implemented using the 

s a m e  bas ic  t ime code generator ,  depending on the rel iabi l i ty  r e -  

qu i red  fo r  e a c h  operation. A second advantage of using separa te  

units t o  implement  a multichannel s y s t e m  is that the power 

suppJies for  the var ious channels can be completely separa te .  

general ,  we have found that i t  is be t t e r  t o  keep  a s  much separat ion 

as possible (both physical and e l ec t r i ca l )  between the channels of 

A s  mentioned above, the bas ic  advantage of this  

*e. 

I n  

multichannel t iming systems.  

Single-Channel S y s t e m  

Some of the t e s t  facil i t ies find that  a single-channel t ime code 

generat ion s y s t e m  is adequate f o r  the type of s e rv i ce  required.  

In mos t  c a s e s  the single-channel s y s t e m s  a r e  dr iven  by a good 

c r y s t a l  osc i l la tor  monitored by V L F  t r ansmiss ions ,  contain 

means  of resynchronizing the gene ra to r  i n  the event of failure, 

and a r e  provided with ba t te ry  backup. 

Dual- C hanne 1 T imir! g System 

Additional reliabil i ty in  maintaining synchronization and timing 

s ignals  fo r  distribution is achieved. at s e v e r a l  of the t e s t  

faci l i t ies  by the use of dual-channel t iming sys t ems .  The  

typical s y s t e m  contains two ident ical  t ime code genera tors .  

11 



Compar i son  of the timing s ignals  f rom the two t iming chaiinels 

is l imi ted  t o  a determillation that  the  s ignals  compare  o r  d o  not 

compare .  If they do compare  , then, obviously, both g e n e r a t o r s  

are c o r r e c t  (the probability tha t  the s a m e  e r r o r  o c c u r r e d  i n  

both channels  a t  the same  t i m e  is v e r y  low). 

compare ,  a n  indication of e r r o r  is provided and the ope ra to r  

If they  do not 

knows only that  one or  both of the  g e n e r a t o r s  is not c o r r e c t .  

Some  fac i l i t i es  maintain a s e p a r a t e  r e fe rence  clock which 

provides  a 1 pps output as  a th i rd  channel  for  compar i son  i n  

de te rmining  which of two channels  has los t  synchronizat ion.  

Three-Channel  Timing  Sys tem 

The  three-channel  s y s t e m  is probably the p rac t i ca l  limit f o r  

redundant  channels .  With t h r e e  channels,  the channel i n  e r r o r  

c a n  be detected,  assuming tha t  the probabili ty of the same 

e r r o r  occur r ing  i n  two channels  at the s a m e  t i m e  is  ve ry  low. 

A th ree-channel  sys t em provided with ba t te ry  backup and a n  

a tomic  s t anda rd  and auxiliary- reference d iv ider  w o d d  provide 

the ul t imate  re l iabi l i ty  i n  maintaining synchronizat ion and  

t iming  s ignals .  

9 .  Code Compar i son  E r r o r  Detection 

The  n a t u r e  and extent  of the e r r o r  detect ion and code compar i son  

c i r cu i t ry  i3 mult ichannel  t iming s y s t e m s  cove r s  the en t i r e  range 

f r o m  a manual  observatioi: :,.E rndividual outputs with a n  osci l loscope 

. 12 



and a manual  switchover to the good ciianrie1,to a completely auto- 

m a t i c  compar ison  and automatic switchover .  The  extent of the 

e r r o r  detection and the comparison c i r c u i t r y  is  dictated by the 

t iming rel iabi l i ty  required.  

The  degree  of phase coherency r equ i r ed  of the code compar ison  

c i r cu i t s  should be consistent with the  na ture  of the frequency 

s tandards  used to  d r ive  the t iming channels .  F o r  example,  if 

c r y s t a l  osc i l la tors  having a s tabi l i ty  of 1 par t  i n  10 w e r e  used  

f o r  the  frequency s tandards,  the g e n e r a t o r s  could be expected t o  

dr i f t  a p a r t  approximately 4 p e c  i n  a day. 

compara to r  was  designed to  provide an  alarm with a t ’  irne e r r o r  

of 10 psec ,  daily cor rec t ion  of t ime  e r ror  wou3d be requi red .  

10 

Therefore ,  i f  the 

The  minimum e r r o r  detection and code cornparison sys t em that 

is used  i n  a two o r  three-channel  t iming  s y s t e m  i s  one that com-  

p a r e s  only the bas ic  1 pps s ignal  f r o m  e z c h  genera tor  i n  amplitude 

and phase.  

operat ive down to  the 1 pps point and  are i n  synchronism with 

e a c h  other .  

T h i s  comparison shows only that  the gene ra to r s  a re  

The  next m e a s u r e  of additional re l iabr l i ty  is  zttained by: 

(1) co?nLering t h e  major s e r i a l  time code outputs ( in  the 

dc leve l  shift form) in  2 s e r i z J  compara to r  in  amplitude 

and phase,  and by 

m-onitoring the outputs of the niodulated car r ie r ’output  (2) 

13 
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of the ma jo r  code with a threshold  de tec tor  to determifie 

that  the output is  present  o r  absent .  

Such a s y s t e m  indicates  that the g e n e r a t o r s  are  i n  synchronism,  

that the accumula tors  a r e  in  agreement ,  and that a t  least the ma jo r  

code scanner  and associated modulator  and d r i v e r  c i r cu i t s  are  

operat ive.  

* e. 

The ult imate  e r r o r  detection and code compar ison  s y s t e m  

( I )  compares  all dc  leve l  shift outputs i n  amplitude and phase -- 

th i s  includes all s e r i a l  code outputs i n  the d c  leve l  shift f o r m  and 

all auxi l iary pulse r a t e s ,  and ( 2 )  mon i to r s  all modulated o r  sine 

wave outputs with individual th reshold  de tec tor  c i r cu i t s  t o  d e t e r -  

mine presence  o r  absence of each  signal,. 

put s ignals  are  e i the r  compared bit by bit  o r  monitored fo r  presence  

o r  absence and, when used i n  a three-channel  sys t em,  should 

locate any type of fa i lure  in  one of the t h r e e  sys t ems .  

I n  this  sys tem,  all out- 

10. Timing Signal Switchover 

In multichannel t iming sys tems,  the switchover point o r  place where  

the redundancy ends  is usually a t  the output of the t ime code gen-  

e r a t o r  units and preceding the dis t r ibut ion sys t em.  

the case  in  mos t  sys t ems  because the va r ious  d is t r ibu t ionampl i f ie rs  

are basical ly  m o r e  r e l i a t l e  than gene ra to r  outputs. 

many s tages  and many circui ts  irivolved i n  generating the codes a t  

Th i s  has  been 

(The re  are  
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the  genera tor  outputs and only one o r  two s t ages  involved i n  each 

dis t r ibut ion ampl i f ie r .  ) 

Various types of switchover s y s t e m s  have been  implemented.  

Switchover can  be made  on a n  individual s ignal  bas i s  o r  on a 

complete  genera tor  bas i s .  

provide fo r  switchover of all output f r o m  one genera tor  to  another  

if any e r r o r  is  detected i n  the f i r s t  genera tor .  The ma in  advantage 

with this  s y s t e m  is that all outputs are  in  synchronism a t  any given 

time. 

.Most present  day multichannel s y s t e m s  

Another advantage is that complete switchover f r e z s  the 

faulty genera tor  for  cor rec t ive  maintena.xcc. 

The  switchover mechanism i tself  c a n  be anything f r o m  a manually 

operated multipole switch o r  a bank of rc3;ys to  logic switches 

programmed i n  such a way that the ac tua l  switchover o c c u r s  at a 

point i n  the code outputs where switching t r ans i en t s  a re  minimized.  

B. DESCRIPTION O F  REPRESENTATIVE SYSTEMS 

1. Genera l  

T h i s  sect ion of the T i m e  Code  Study p resen t s  a br ief  descr ip t ion  

of representa t ive  t ime  code generat ion sl-stems which are  i n  

exis tence a t  some  of the National Ranges ,  Serv ice  Ranges,  and 

NASA faci l i t ies  l i s ted  i n  Table 1. 

IRIG Document Namber 103- 59, Instrlrmentation Timing Sys tems  

Brochure ,  is present ly  i n  the p r o c e s s  o i  revis ion arid wil l  .. contain 
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m o r e  complete informatiori regard ing  t h e  major i ty  of these  t iming 

s y s t e m s .  

r 

2. A i r  F o r c e  E a s t e r n  T e s t  Range - -  Cape Kennedy 

A F E T R  present ly  ut i l izes  a sepa ra t e  t i m e  code generat ion facil i ty 

at e a c h  ma jo r  complex throu.ghout the rs-nge. 

independcntly synchronized to  WW V and  E a s t  Coas t  L0ra.n-C s ignals .  

E a c h  genera tor  i s  

Time signals  a re  distributed to  areas within 10 m i l e s  of each  central .  

genera tor  by means  of telephone l ines .  

within a rad ius  of 40 miles  i s  made by m e a n s  of a t ime multiplexed 

s y s t e m  t ransmi t ted  by U H F  radio.  

i n  Section I V  of th i s  report .  

Dis t r ibut ion of t ime  s igna ls  

T h e s e  subsys t ems  a.re d i scussed  

Each cen t r a l  t ime  generation facil i ty cant- ;ns a dual  channel t ime  

code genera tor .  

t o  genera te  IRIG A ,  B, C, D, E, and t h e  proposed IRIG F code as 

well  as  the AMR codes which are  still r equ i r ed  on the range.  

(Primary codes are  tabulated in  Table  1.) AFETR is gradually 

phasing out the  A M 3  codes i n  preference  to the IRIG codes.  

E a c h  genera tc r  provides  all the necessa ry  s ignals  

The  dual channel t ime  code genera tor  at e a c h  cen t r a l  generat ion 

facil i ty is  dr iven  by a precis ion 100 k€Iz signal  der ived f zom the 

outputs of th ree  5 mI-Iz c rys t a l  o sc i l l a to r s  which a r e  mixed in  a 

l i nea r  niixer and phase cor rec ted  to  the Loran -C  t ransmiss ion .  

F igu re  I is a simplified block d i a g r a m  0: this  subsys tem.  The  .. 
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output of Osci l la tor  ::1 is phase c o r r e c t e d  by a Loran-C tracking 

r e c e i v e r  to be i n  phase with the Loran-C carr ier  and applied to  

the  l i nea r  mixer. The  outputs of the o ther  two osc i l la tors  are 

e a c h  routed through a phase c o r r e c t o r  and applied to  the l i nea r  

mixer. 

r e fe rence  s ignal  to  ph.ase c o r r e c t  the outputs of Osci l la tor  # 2  and 

The  m i x 6  output of the t h r e e  s igna ls  is  then used as a 
.. 

Osci l la tor  # 3 .  

Osci l la tor  # 1 is  normally the " m z s t e r  osc i l la tor .  It If th i s  

osc i l la tor  output fails the amplitude de tec tor  d i sab les  the s e r v o  

assoc ia ted  with O s c i l l a t ~ r  if 2 a ~ d  t h i s  ~ s ~ i ! ? a t ~ r  output becoiiies 

the r e fe rence  f o r  Oscil lator # 3 ,  

T h e  prec is ion  frequency signals a re  a l s o  comyc..red with s tandard  

V L F  t r a n s m i s s i o n s  by means of V L F  p h a e  t racking r e c e i v e r s .  

The  dua l  t ime  code genera tor  1 pps outputs a r e  a l s o  synchrcnized 

to "on t ime" by means  of the E a s t  C o a s t  Loran-C t r ansmiss ions .  

Thus ,  the AFETR timing sys t em is t ied t o  the E a s t  Coas t  Loran-C 

chain fo r  both frequency and t ime  information.  

The  p resen t  t iming requi rements  a t  AFETR put m o r e  emphas i s  O i l  

accuracy  of t iming r a t e  ( incrementa l  t i m e  accuracy)  than on t ime  

synchronization. Many of the p ro jec t s  being supported a t  -4FETR 

are  m o r e  concerned with velocity a n d / o r  acce lera t ion  of a nezr ly  

18 
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While AFETR will  s t r i ve  for t ime  synchronizat ion of de l ivzred  

t ime codes  on the o r d e r  of 1 mic rosecocd ,  shoilld a substant ia l  

synchronizat ion e r r o r  occur,  the compute r  progra.ms in  use  check 

f o r  time bias i n  mult i -source data .  If a definite time b ias  is 

detected,  then  th i s  b ias  is  subt rac ted  f o r  all subsequent data.  
I. 

Like outputs of the two time coGe g e n e r a t o r s  a t  e a c h  cen t r a l  

t iming facil i ty are  compared i n  ampli tude and phase and a n  e r r o r  

indicated w,here s igna ls  do not compare .  Manual switchover of 

the pa r t i cu la r  s ignal  f r o m  one g e n e r a t o r  t o  the o ther  is  x a d e  

a f t e r  the ope ra to r  de te rmines  which output is  i n  e r r o r .  

3. NASA M e r r i t t  Is land Launch A r e a  - -  Cape Kennedy 

Timing s ignz ls  a t  M e r r i t t  I s l and  Launch A r e a  a re  generated by a 

cen t r a l  tim.5 generat ion station and two  s.,tbcentral t ime genera t ion  

s ta t ions.  The  two subcentral  s ta t ions  a r e  synchronized Ey early 

s ignals  t r ansmi t t ed  f r o m  the c e n t r a l  t i m e  generat ion s ta t ion and 

delayed to  provide signals which are  on  time with the c e n t r a l  t ime  

generat ion sys t em.  

Timing s igna ls  a re  distributed f r o m  the  c e n t r a l  time generat ion 

s y s t e m  and the subcentral  t ime  gene ra t ion  s y s t e m s  to  t iming 

t e r m i n a l  units at r emote  instrumentat ion s i t e s  by m e a n s  of te le-  

phone l ines .  Th i s  subsys tem is d e s c r i b e d  i n  Section I V  of this  

r epor t .  



a 

0 

T h e  C e n t r a l  Timing Station contains  a d u a l  channel  t i m e  code 

genera t ion  s y s t e m  as weil a s  a U€IF r a d i o  r e c e i v c r  and a t iming 

terinizal unit which provides t i m e  codcs  f r o m  the AFETR,  tirntz 

divis ion mult iplex dis t r ibut ion s y s t e m .  

each  of these  t h r e e  sou rces  a r e  c o m p a r e d  autoinatically.  

t iming s igna ls  a r e  der ived f r o m  the time code gene ra to r  ( e i the r  

gene ra to r  A o r  gene ra to r  R) which a g r e e s  with the t ime  codcs  

rece ived  f r o m  AFETR.  

Like t ime  ccldes f r o m  

A l l  

10 
C r y s t a l  o sc i l l a to r s  with s tabi l i t ies  of f r o m  1 to  2 p a r t s  i n  10 

per day are used to drive the time code ---- -one ra to r s ,  

quency of t hese  s ignals  is moni tored  by means of V L F  r e c e i v e r s .  

The  fie- 

Genera to r  synchronization is obtained from the AFETR U H F  

dis t r ibut ion s y s t e m  and i s  moni tored  by m e a n s  of Loran-C and 

W W V  radio  t r ansmiss ions .  

4 .  A i r  F o r c e  Fl ight  Tes t  Center  - -  E d w a r d s  A i r  F o r c e  Base  

Timing  s ignals  a r e  generated a t  A F F T C  by a three-channel  t i m e  

code genera t ion  s y s t e m  Lt a c e n t r a l  t imiFg s ta t ion ar.d d is t r ibu ted  

throughout the range  by means of a time divis ion mult iplex s y s t e m  

via U H F  radio.  The dis t r ibut ion s y s t e m  i s  descr ibed  in  Sect ion I V  

of t h i s  r epor t .  

The  t h r e e  t ime  code genera tor  channels  2 r e  designated as the 

"prir;iary." channel,  the "secondary" cha-nnel, and the "compara tor"  
e .  
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channel. 

driyren by c r y s t a l  osc i l la iors  with a pubEshed s tabi l i ty  specification 

of zE5 p a r t s  i n  10  

The  "pr imary" and the "secondary"cchanne1s a r e  each  

10 
per  clay. The oscilla.tor which d r i v e s  the 

"secondary" time code gcneration channel  a l s o  d r i v e s  the com-  

parator channel. 

The  p r i m a r y  and secondary chancels  e a c h  genera te  eight t i m e  codes 

(tabulation i n  Table  1) and several .  p l s e  rates and s ine  wave outputs. 

The  compara tor  channel genera tes  five of the t ime  code outputs 

(IRIG A, B, C, E ,  and the Askania  code). These  codes  a re  com-  

pared  se r i a l ly  with s imi l a r  codes f r o m  both p r i m a r y  and secondary  

gene ra to r s  and t ime  code dis t r ibut ion is switched f r o m  the p r i m a r y  

genera tor  to  the secondary genera tor  w h e n  a specified number of 

success ive  e r r o r s  i s  detected in  any one of the p r i m a r y  genera tor  

outputs. Switchover is a l so  accornplishec! i f  any one of the p r i m a r y  

genera tor  outputs have a variation f r o m  n o r m a l  amplitude of m o r e  

than &2570. When any of the compared  octputs  have t ime  differences 

of g r e a t e r  than t en  microseconds,  a vism.zl and audible alarm is  

given. 

Synchronization is  accomplished by meacs of W W V  and Loran-C 

rad io  t r ansmiss ions .  Frequency controP is achieved by monitoring 

V L F  radio t r ansmiss ions .  

5. White Sands Missi le  Range 

Timing s ignals  at WSMR a.re generated using a three-channel  t ime 
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codc generat ion sys tem.  A l l  th ree  challiiels a re  present ly  dr iven  

by a single rubidium controlled osc i l la tor  as  the prec is ion  frequency 

source .  

ma t i c  substitution,without loss of count, of o ther  osc i l la tor  sou rces  

i n  the  event of a fai lure  of the  rubidium control led osc i l la tor .  

Equipment is presently being developcd to  provide auto- 

Loran-C pulses  f r o m  the E a s t  Coas t  chain a re  used  to  define epoch 

time. A computed value of the de lay  to  be expected i n  receiving the 

Loran-C pulses  at WShfK was obtained fyom the USN Oceanographic 

Office and subsequently verified by m e a n s  of a t rave l ing  clock t r i p  

from the Naval Observatory.  

The  IRIG t ime  code outputs (both modulated carrier and dc  leve l  

shift)  of the th ree  genera tors  are  compared  fo r  smplitucle and /o r  

time displacement  e r r o r s .  T h e r e  is automatic  switchover to  the 

secondary genera tor  when a n  e r r o r  is detected.  Amplitude e r r o r  

l imi t s  are  switch selectable a t  S5YLb, 5-10:;, and * Z O %  with operation 

usually a t  the *20$70 setting. A t ime  displacement  e r r o r  is defir,cd 

a s  & l o  microsecond t ime  difference.  

Ba t t e ry  backup i s  used o n  the rubidium control led osc i l la tor  and 

on the pulse r a t e  d iv iders  down to  the 1 FPS point. 

Time is generated one mil1iseco:id earl)- and t ime  codes a t  the 

user's 1.ocation are  brought t ime" bl- means  of tapped delay 

l ine sect ions having 399 microseconds &lay i n  1 microsecond 

inc  r e  m e  nt s . 
e .  
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6. N-4SA George C .  Marsha l l  Flight C e a t e r  

Timing s ignals  a t  George C .  Mzrsha l l  Fl ight  Cen te r  zre genera ted  

by a threc-channel  t ime  gcnerzA-tioz systc-m. 

code gene ra to r s  are dr iven by O i l e  of two c r y s t a l  osc i l la tors .  

T h r e e  identical  tim: 

The one p A s e  per second outputs of the th ree  t i m e  code g e n e r a t o r s  

are  compared  in  both phase and amplitude.  

If the 1 pps output of the genera tor  se lec ted  as the "mas te r "  does 

not compare  with the 1 pps s ignals  i r o n  the other  two g e n e r a t o r s  

by more than 500 pseconds,  o r  if the amplitude d e c r e a s e s  to  less 

than 50% of normal ,  timing distribi-itjon 5 s automatically switched 

to the output of the second gene ra to r .  

output of the second genera tor  d e c r e a s e s  ! o  l e s s  than 507'0, t iming 

dis t r ibut ion is automatically switched to the output of the t5 i rd  

If the amplitude of the 1 pps 

genera tor .  

.. 
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IV.  S U M h U R Y  O F  TIMING DISTRXE3UTIOK TECHNIQUES 

A .  GENERAL 

T h e  term "timing distribution" dea l s  with the  p r o c e s s  of t ransmi t t ing  

t iming s igna ls  f r o m  the genera tor  facil-ity to all of the ins t rumenta t ion  

devices  which use the t iming signals i n  the i r  var ious  f o r m s .  

T h i s  sectior, wi l l  d e a l  with the t iming dis t r ibut ion f r o m  the ove r -a l l  

s y s t e m  point of view and wil l  descr ibe  representa t ive  s y s t e m s  of each  

type. 

Since t iming dis t r ibut ion invo!.ves time transinissicjn f r o m  stat ion to  

s ta t ion  and t ime  code distribution within a station, the material of 

Sect ion I B and C of the First Semiannual Repor: wil l  be re ferenced .  

0 

T h e  typical  t iming s y s t e m  cons is t s  of a cen t r a l  t ime  code generat ion 

faci l i ty  and s e v e r a l  remote  facil i t ies with a var ie ty  of i n s t rumen t s  

which use  the t imc codes such a s  tape r e c o r d e r s ,  c a m e r a s ,  oscil lo- 

g r a p h  r e c o r d e r s ,  s t r i p  cha r t  r e c o r d e r s ,  plot ters ,  e tc .  These  r emote  

c-.-:1:t:,.: L- <:--?.A A.. -.-.l..:lA 7 n - - , t - , l  - A _ *  t L n  -n. .t*.-l  t:-- ,,J, 

genera t ion  facil i ty o r  up to  100  miles f r o m  the genera tor  facility. 

T iming  s ignal  distribut.ion sys t ems  can  be dilrided into two gene ra l  

ca t egor i e s  - -  s y s t e m s  using radio propagation a s  the t r a n s m i s s i o n  

med ium ar?d s y s t e m s  using wire  c i r cu i t s  a s  the t r a n s m i s s i o n  medium. - 

T h e  choice between rad io  o r  wire  distributioi: t o  de l iver  t iming s ignals  

to a n  instriimeritation s ta t ion i s  geneTaliy influenced by factocs  such as  
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

W i l l  the instrumentat ion statSon be iocated in  a n  area not now 

s e r v e d  by w i r e  fac i l i t i es  ? 

W i l l  the instrumentat ion station move frequent ly  f ro in  s i te  to  

site ? 

Does the instrumentat ion s ta t ion r e q u i r e  t iming signa1.s while 

i n  rnotion ( tes t  a i r c ra f t ,  rocket s led,  e t c . ) ?  

A r e  t h e r e  a l r eady  existing communicat ion c i r cu i t s  of adequate 

bandwidth and delay stability c h a r a c t e r i s t i c s  t o  the d e s i r e d  

instrumzntai ion site ? 

A r e  useable  rad io  frequency bands avai lable  on a n  exclusive 

u s e  basis? 

C a n  in te r fe rence  f r o m  unauthorized rad io  t ransmit t ing b e  

prevented ? 

A r e  bandwidths in  e x c z s s  of 10 kIiz r e q u i r e d ?  

Complexity of t ransmiss ion  or  t e r m i n a l  ecuimnent  ~~ that  c a n  

be to le ra ted .  

B. RADIO DISTRIBUTION 

1. Genera l  

Radio dis t r ibut ion of timing information i s  used F-t macy  r anges  and 

at s o m e  r anges  as,  for  instance G e o r g e  C. Marsha l l  Space Flight 

Cen te r ,  rad io  is the prirnary d i s t r ibu t i ac  s y s t e m .  Radio 
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dis t r ibu t ion  s y s t e m s  m a k e  possible  the de l ive ry  of t iming i211i,L.n2a- 

tioil t o  mcving i-ehiclcs and  t o  ins:rrui-nentation statlons that a r e  

f requent ly  moved f r o m  one field loca t ion  to  another .  Radio d i s -  

t r ibut ion s y s k i n s  typtcally have less de lay  than wise  c i r c u i t s  of 

equivalent bandwidth, havz a more l i n e a r  phase shift v e r s u s  f r e -  

quency c h a r a c t e r i s t i c ,  and have de lays  tha t  a r e  r e a d  ly  rnonitor2d 

a t  e a c h  location. 

Radio dis t r ibut ion c i rcu i t s  a r e  typical ly  via c a r r i e r  f requencies  of 

140 111)-1z aiid higher  with many fac i l i t i es  jnstall ing equipment i n  the 

1750 t o  1850 mHz region. 

and higher  & r e  not no rmi l ly  re f lec ted  froni the e a r t h ' s  ionosphere  

and  have highly a::ciiuatecl ground wave s ignals  so that they a r e  

p r imar i l j j  dependent on "free space" o r  "iine of sight" propagation 

paths.  

These  c a r i i e r  f requencies  of 140 m H z  

2. Radio Distr ibut ion Table  

G e n e r a l  

The pr inc ipa l  cha rac t e r i s t i c s  of r e p r e  scntat ive rad io  dis t r ibut ion 

- __ - 

systems as l i s ted  i n  Table 2 a r e  br i2f ly  desc r ibed  in  the following 

sec t ions .  

C a r r i e r  F requency  

Distr ibut ion of t iming information by r ad io  r e q u i r e s  a propagation 

- - 

path that  is  quite s tab le .  

26 



- 

z 
I- 

z w 
n 
I 
0 
0 
t 
J 
W 

2 
:: 

a 

n 

-:I -0 
# W 

-0 U -:I 

-!I m 

U c 

In 
Y m 
E 

LL 
z 
L aJ .- 
L 

% 
0 
U 8 
m 
s 

n 

-c 
in 
0 

J w 
L 
0 
m 
2 
E 

n 
'7 
5 

C 
3 C 
3 C d  0 
33 + N  Q m  

3 1 n  
> r l  
H + I  

I I  
L L L  

3 0  > m  
n 
-I 

3 
3 
-4 

0 0 0 0  
3 0  

84 I+ r l l n  

3 0  
3 0  
7 l n  

d 
d 

I d  
' 3 0  I 
' 3 0  m 
o w  rn 
-Id d 

n 
d 
\I 

3 
VI 
b 
rl 



1KJ.G Document 105-63 rccor-nmends i-adio f requencies  to  be uszd 

fo r  instrumentat ion timing. 

f requencies  a re  recommended - -  139, 140, 141, 142, and 143 m I l z .  

I n  the U H F  region (300-3000 inFIz), f requencies  ir, the band f r o m  

1710 to 1850 m H z  a r e  i-ecommended with f requencies  ass igned  on 

in t eg ra l  d - I z  inci.emt?nts to  allow e a s y  mul5pl ica t ion  f r o m  and 

synchronization to  the basic t iming gener-ator. 

I n  the V H F  reg ion  (30-300 n - J l z ) ,  five 

Radio t r ansmiss ions  i n  both the 140 m H z  and the 1800 m H z  reg ion  

are substant ia l ly  l imited to d is tances  at \=rhich "line of sight" 

conditions preva i l  between the t ransmi t t ing  and receiving antennas.  

Consequently, the same frequency can  be ass igned  f o r  use a t  two 

or m o r e  g e o ~ r a p h i c  areas provided that  these  a r e a s  a r e  sepa ra t ed  

by 200 to  500 miles, depending on whether  operat ions involving 

a i r c r a f t  are  contemplated.  

at al t i tudes i n  e x c e s s  of 40, 000 fee t  are  considered,  500 mile o r  

g r e a t e r  separa t ion  is desirable  betweer, s ta t ions using t he  same 

frequency.  

When t r a n s m i s s i o n  to a i r c r a f t  operati:ig 

Since the path of the radio waves i n  the e a r t h ' s  lower a tmosphe re  

is slightly curved,  the effective rad io  t thorizon" fo r  "line of sight" 

con.titions is  approximately the same as  i f  the e a r t h ' s  rad ius  w e r e  

inc reased  by 4 / 3 .  

heig1l.t of H feet  t o  the radio horizon i s  approximately equal  to 

The distance f ro in  a t ransmi t t ing  antenna a t  a 

s ta tue mi l e s .  Aircraf t  opcrat ing at al t i tudes of 40 ,  000 feet  
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Effect ive Radiated Power  (ERP) 

T h i s  is the t r a n s m i t t e r  output power d e c r e a s c d  by the power lo s t  i n  

the t r a m m i s s i o n  l ine between traiis:n!'tter and antenna, and inc reased  

by the power gain of the antenna. In typical  instal la t ions,  the antenna 

gain is achieved by confining the rad ia t ion  into a re1ativel.y na r row 

vertical angle while maintaining a n  omni-d i rec t iona l  horizontal  

patte r n. 

The "free space" path attenuation between two 140 inHz i so t rop ic  

an tennas  sepa ra t ed  by 30 m i l e s  is appro,simately 110 db. 

Consequently,  a rad ia ted  power of one watt  at a d is tance  of 30 m i l e s  

wi l l  de l iver  to  the rece iver  a -110 dbw signal.  

ab le  s ignal  (20  db signal-to-noise output) f o r  a r e c e i v e r  having a 

30 H I z  bandwidth and a 3 db noise f igure  is  -136 dbw. 

-110 clb signal. wil l  be 26 db i n  e s c e s s  of the previously defined 

-136 db\v niinimuin useable s igna l  leve l .  

p rovides  a marg in  to offset the e f fec ts  of multipath s igna l  cance l la -  

The  min imum ESC- 

The  rece ived  

T h i s  26 db e x c e s s  s ignz l  

tion, equipment degradation, t e m p o r a r y  path obs t ruc t ions  , e tc .  

From the above considerat ions i t  can  be s e e n  that  a l a rge  amour,t of 

rad ia ted  power is  o d y  requi red  when t r a n s m i s s i o n  is  a t tempted  to 

a r e c e i v e r  located beyond the "line of sight" dis tance.  

substant ia l ly  beyond the Itradio horizon" the attenuation i n c r e a s e s  

rapidly . 

At d i s t ances  
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. .  

To ininiinize in te r fe rence  Lctwecn rad io  s y s t e m s  operat ing 011 

different rad io  frequency channels,  but i n  the s a m e  geographic  

area, TRIG Document 105-63 reconirnznds that the E R P  of spur ious  

emis s ions  outside the assigned banclwidth be less than -25 dbm 

(25 d b  below 1 mill iwatt) .  

th i s  -25 dbm level require s attenuation of spurious f requencies  

proport ional  to  the E R P .  

E R P  of 1000 wat ts  will  requjre  that  all spur ious  f requencies  be 

85 db  below the no rma l  output level.  

T o  keep spur ious  emis s ions  below 

A s  a n  example,  a t r a n s m i t t e r  having a n  

Maximum Distance (Ground s ta t ion to  ground station) 

This  is  typically limited to d is tances  only slightly beyozd the 

“ rad io  horizon. Sys tems which have 3C to 40 mile  ground-to-  

ground max imum operatitig d is tances  with modera te  antenna heights 

c a n  have “ground-to-air”  maximum dis tances  of 200 -f- miles, 

depending p r imar i ly  on the a i r c r a f t  a l t i tude,  

- c ..- f , . L e - . .  

* C I A  .,.---^---- - - 
The two bas ic  modulation s y s t e m s  are: A M  (amplitude modulation), 

and Fh.1 (frequency modulation). 

modulates  the c a r r i e r  may be coded in  o n e  of s e v e r a l  ways,  con- 

sequently the modulation i s  frequently l i s ted  as  a combination of 

the coding and modulation, e .  g .  , pulse code modulztion/amplitude 

modulation (PCM/AM).  Other  modulation types are: Fh.I/FICl, i n  

which the t ransmi t ted  radio frequcncy ca r r i e r  i s  frequency 

The  tiining information which 
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modulated by the combined s u m  of s e v e r a l  s u b c a r r i e r  o sc i l l a to r s  

that  are,  i n  turn ,  frequency modulated by the data  s ignals  ( t ime 

codes)  . 

P u l s e  durat ion modulation, when used  to t r a n s m i t  multichannel 

analog information, is a t ra in  of pu lses .  

i n  the t r a i n  is  var ied between a m i n i m u m  and a max imum durat ion 

i n  accordance  with the value of e a c h  da ta  channel. 

information producing PDiM is a simplified ve r s ion  of the analog 

case. 

d i s c r e t e  pulse durat ions.  

The  durat ion of each  pulse 

Time code 

The  t ime  code information is coded using only two o r  t h r e e  

Pu l se  amplitude modulation, when used  to  t r ansmi t  multichannel 

analog infor-, iation,is a t ra in  of pu lses .  

i n  the t r a i n  is  var ied  between a minimuin amplitude and a max imum 

amplitude in  accordance  with the value of each  da ta  channel. 

code information producing PAM is a simplified case .  

=-----l:+.-Jn l a T r - 1  nf t h e  cnde carrier usually has  only two amplitude 

levels. 

whose ac tua l  value i s  width coded. 

The  amplitude of each  pulse 

T i m e  

The  

- A  

The  l a r g e r  level indicating the presence  of a code bit  

P u l s e  code modulation i s  a spec ia l  type of PAM in which only two 

amplitude leve ls  a r e  used, "On and off" o r  "minimum and maximum.  1 1  

E a c h  individual bit of data ( tens  of hours ,  units,  minutes ,  e t c . )  i s  

coded using the presence and absence  of a group of sequent ia l  data  

bits whose 7:alues a r e  usually a r r a n g e d  i n  ascending o r  descending 

b inary  values. 
31 
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a 

1 

Many t ime codes combine th i s  typr  of nodu la t ion  with the addition 

of width coding r a t h e r  thzn presence  /absence  coding to  iridicate 

whether  each  binary digit should be included i n  determining the 

to ta l  value of a par t icu lar  group of b i t s .  

t r ansmi t t ed  f o r  both data  z e r o  and data ones makes  the code "self-  

clocking" where the presence  /absence coding r e q u i r e s  a s e p a r a t e  

c lock rc7.te t o  control  the t ime a t  which the pulse p re sence /absence  

determinat ion should be mzde. 

f r o m  p r e s e x e  /absence coded informat ion  using a s table  osc i l la tor  

whose frequency is  servoed  to  the da ta  rate. 

a n  osc i l la tor  to  the presence  /absence coded information, t he re  mus t  

be a requi red  minimum percentage 0: data  ories (pulses  present )  and 

a max3mum allowa-ble in te rva l  between dzia ones.  

The  fact  that  pulses a r e  

T h i s  clock r a t e  can  be ex t r ac t ed  

To  succcssful ly  s e r v o  

Channel  Widths 

Channel width can have two in te rpre ta t ioas  -.- one being the 

d i f fe rence  between the m i n i m u m  and mzximum f requencies  which 

a stat ion is  authorized to  rad ia te ,  o r  channel width can  be the 

difference between the minimurn frequcncy acd  the niaxirnum f r e -  

quency actually radiated at  power levels i n  e x c e s s  of -25  dbm.  A 

statiori should not rad ia te  significant energy  on f requencies  outside 

-- 

the  authorized 

compone nis of 

channel width, 

the authorized 

channel width but, when the significant frequency 

the da ta  to be broadcas t  is less  than the authorized 

the occupied channel ~ - i d t ' n  will  be na r rower  than 

c ha n tie 1 width . 
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1 

The  charinel width required ( o r  des i r ab le )  f o r  the t r a n s m i s s i o n  of 

time code information will depend on the accu racy  and s tabi l i ty  

with which the t ime code information m u s t  be recovered  or re-  

genera ted  a t  the output of the rad io  r e c e i v e r .  

IRIG B t ime  code i n  the level shif t  form a t  the gene ra to r  output 

wi l l  have rise and fa l l  t imes of one microsecond o r  less and, i n  

o r d e r  t o  'nave a faithfill reproduction of th i s  pulse a t  the r e c e i v e r  

output, the rad io  t r ansmiss ion  channel  width should be a t  l ea s t  

I mHz. 

c a n  be t r ansmi t t ed  over  channel widths  of 100 H-Iz with regenera ted  

outpi;: pu lses  having widths and rise t i m e s  that ma tch  those of the 

t ime  code pulses  a s  generzted within 51 microsecond,  providing 

that the signal-to-noise ratio i s  above 30 clb and that AGC c i r cu i t ry  

is effective in  keeping the peak value of the pulses  to a fixed value.  

As a n  exarrip:e, 

T h e s e  Sam-e pulses,  having a rise t ime  of 1 microsecorid,  

Signal-to-noise r a t io  can  be t r aded  f o r  bandwidth to  ailow t ime  

informp-tion, p rec i se  to one ni icrosecond,  t o  be t r ansmi t t ed  over  

chanrx? widths of 100  kHz. 

to 90% r i s e  time of approxiinately 10 microseconds  = 8 % / p e c o n d .  

If the AGC controlled output pulse amplitude is 1 volt * . 05 vol ts ,  

then the 50% amplitude part will  be . 5  volt A. 025 volts and a t  a r i s e  

The 100 kHz channel width al lows a 10% 

. 0 2 5  

.08  ' 

Noise that  is 

r a t e  of . 0s volts /ysccond will  have t i m e  var ia t ion of -___ Llsec, 

approfimately . 31 y s e c  due to  a-mplitcdi: var ia t ions.  

3 db below the 1 0 0 ~ 0  signal leve l  wilx hzi\-c! a n  RhfS Value O f  . 03 volts 
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and wil l  va ry  the t ime or' attajnnient of t h e  . 5 vcllt l eve l  by 

. 0 3  - = . 37  psec .  

. 0 8  

the amplitude d iscr imina tor  will  v a r y  the t ime  of 5070 amplitude 

detect ion by - = . 37 microsecond.  

of the 50% leve l  point will  be 1 . 31 4- . 37 3- . 37  microseconds  

equals  . 6  1 microseconds .  

Variztioils of A. 03 V in  the . 5  \-o:L threshold of 

.03 

.08  
T h e  RMS e r r o r  i n  detection 

-- 
I---2- - 2 2 

- .  

' 0  

Modulate /Demodulate Delav 

Timing  s ignal  t ransmis  ;ion over  r ad io  lirlirs have t h r e e  pr incipal  

delays.  F i r s t ,  a delay between the  input to  the modulator  sect ion 

of the t r a n s m i t t e r  and the ac tua l  m~clul.ztion of the  radiated signal,  

and seco;;l.#l, a delay due to finite t r a v e l  t i m e  of thc radiated s ignal  

between t ransmi t t lug  and receiving an tennas ,  and th i rd ,  the delay 

between the modulated input and demodulated output of tile rad io  

r ece ive r .  

The  modulate /demodulate delays will  IC principally dependent 

the bandwidth of tiie t r ansmi t t e r  and r e c e i v o r .  

Signal  Type 

Tirning information t ransmi t ted  ove r  rad io  l inks i s  separable  

upon 

nto 

t h r e e  ca tagor ies ;  ( 1) multichan'nel t i m e  divis ion niultiplexed, (2)  

multichannel frequency multiplexed serial t ime  codes,  and (3) 

single channel serial t ime codes.  

Fac i l i t i e s  using a large variety of tiniir?g codes and pulse r a t e s  hzve 

used two differ ing rad io  distribution phil.:,sophic s. One approach,  
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as typified by the NOTs sys tem,  is  to  t r a n s m i t  only one t i m e  code 

as the  synchronizing input to a teri i i inal  unit capable of gctieratirig 

any d e s i r e d  codes and pcllse r a t e s .  The  secoiid approach,  as  

typified by AFETR and AFE'TC, i s  t o  dis t r ibute  a rnultiplicity of 

codes and pulse r a t e s  using t ime  division multiplexing to  d is t r ibu te  

50 o r  inore types of inforination so that  vesy few, if any, t i m e  codes 

and /o r  pulse rates requi re  a s s e m b l y  o r  generat ion i n  the t e n n i n a l  

unit. 

A good conipromise approach seems to be typified by the WSMR 

s y s t e m  i n  which 3 channels of t ime  codes and pulse r a t e s  are t ime  

division multiplexed fo r  ciistribution and any additional r a t e s  aiid / o r  

codes requi red  a r e  genesatcd by addiTional t e r m i n a l  eq.-iipment, 

T e r in ina l  T i ming E qui prne nt 

Te rmina l  t iming equipment i s  dcfiriss as  cquip~-nent uscd to  p r o c e s s  

-- -I_-__ - 

the t iming information del ivered a t  the output of the rad io  recLl -1vcr 

to  p r e p r e  i t  fo r  recording o r  in te rpre ta t ion .  

Some rad io  t ransmi t ted  t ime codes r equ i r e  no t e r m i n a l  t iming equip- 

ment as, 

can  be taken d i rec t ly  f r o m  the rad io  r e c e i v e r  output and appliccl to  

the input  of a magnetic tape recording sys t em.  

f o r  instance,  the moduiated c a r r i e r  f o r m  of 1KXG 3 irrhich 

Timing  t e r m i n a l  units arc: used to - -  

1 . Deinulti ple >; re  ceive d multi  c hzi tinel t irrii ng i nfor mat  ion. 
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2. Reform a received t ime codc f r o m  the  f o r m  suitable fo r  i r a n s -  

miss ioq ,  to a f o r m  meeting the requi remei i t s  of the using 

equipment  . 

3. Reformat  the received t ime  code t o  mee t  the r equ i r emen t s  of 

the u s z r .  

s to red  i n  a r e g i s t e r  and scanned out at a s lower rate with the 

same o r  different f o r m  of coding. 

s to rage  of IRIG B and the subsequei;t scan  out of NASA 20-bit 

code. 

For instance, a rece ived  IRIG B code might be 

Ail example would be the 

4. Stabi l ize  the delivered time code by generat jng a t ime  code that 

is slaved to  the received t i m e  code. This  t e r m i n a l u n i t  is a 

complete  t ime  code genera tor  whosc c r y s t a l  osc i l la tor  is  phase 

locked to  the 1ong-ti;ne average  of t h e  izcoming c a r r i e r  of the 

rece ived  t ime  code arid whosc generz-ted code is compared 

aga ins t  the received t ime code for itiformatior, content and f o r  

t i m e  delay. 

s tabi l i ty  to  maintain an accu ra t e ly  synchronized t ime Code out- 

The  phase locked loca l  osc i l la tor  has  sufficient 

put i n  the absence of an input s ignal  arid to  r equ i r e  infrequent 

co r rec t ion  so  that apparent f requency differences between the 

incoming carr ier  frequency and the locally generated frequency 

c a n  be averaged  over a long enough p r i o d  to  remove the shor t  - 

term effects  of noise and j i t t e r .  
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T e r mi n% 1 De lay 

T h i s  delay iii the te rmina l  unit C a l i  be detect ion d e h j -  d ~ e  to the 

effective signal bandwidth of the t e r m i n a l  device o r  it  can  be a n  

output delay as in  the case of re lay  c l o s u r e s  commanded by the 

received t ime code. 

c_- 

De lay C ompe n s a t i o ii 

Delays  i n  dis t r ibuted t ime code information can  b e  compcnsatcd 

fo r  by generating t ime codes that a r e  e a r l y  by a n  amount  oi t ime 

- 

slightly g r e a t e r  than the loiigest dis t r ibut ion delajr to  be cor rec ted  

and adding sufficient fixed delays to e a c h  received signal to  br ing 

it "on t ime.  ' I  

delays that requi re  correct ion,  the cost  of needlessly- cor rec t ing  

thc major i ty  of c u s t o m e r s  should be wejshed a g a i n s t  thc cost  of a 

slaved r epea te r  whose regenerated output carl be adjusted to be "011 

t ime t1  and can be maintained "on t ime t f  by using del?-yed outputs f o r  

t ime cornparison with the dis t r ibuted sigixtl f rom tim-ing cent ra l .  

3. Descript ion of Representative Radio Distr ibut ion Sys t ems  

Genera l  

This  section of the T i m e  Code Study p resen t s  a br ie f  descr ipt ion 

- 

of representat ive radio distribution s y s t e m s  whlcli a r e  i n  existence 

a t  some of the National Ranges, Serv ice  Sanges ,  and NASA faci l i t ies  

l is ted i n  Table 2. 
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IRIG Do c u m e n t  Numbc r 1 r3 3 - 5 9, In st r L L I ~ L C  ntatio t i  T j.niing S y sl:c 111 s 

Brochure ,  is present ly  i n  the p rocess  of revis ion and will  coiliail; 

m o r e  conp le t e  infor?-natio.z regarding tf:e majority- of these 

t iming sys t ems .  

A i r  Force E a s t e r n  T e s t  Rance - -  Cap2 Kennedy 

T h e  p r i m a r y  rad io  distribution system at AFETR is a n  GO-channel 

time division multiplex system t r ansmi t t ed  via U H F  radio on a 

c a r r i e r  frequency of 1750 d 3 z .  

The t ime division multiplex is generated at each cen t r a l  t iming 

faci l i ty  by sam2ling 79 channels of d c  l eve l  shifi t ime codes ?- id  

pulse repeti t ion r a t e s  a t  100 H I z  r a t e .  

1000 f r a m e s  per  second. 

The s y s t e m  f r a m e  r a t e  is 

E a c h  f r a m e  concjs t s  of the 79 information 

channels  and a 1 kpps f r ame  marker c'nz:i;iel (which occiipier-; 800 

pseconcls) and a 200 psecond vacant perL4: 1 a t  the end of the f r a m e .  

Th i s  information is uscd to synchroxize :!le decoder  i n  thc tirni,-,g 

t e r m i n a l  units.  

The s e r i a l  wave t r a i n  is t ransni i t ted by pyesence /absence coclilig 

with the presence  of a "one" providing 2 char,ge in  c a r r i e r  output 

from 1070 to 100% power. 

T h e  sampled  data is 1205 psec  e a r l y  wi th  respec t  to '(on t ime" at 

the multiplexer. 

in each  of the t e rmina l  timing units and preseritzd i n  parallel f o r m  

The serial data is dcl-:lultiplescd by the decocler 
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at thc eiid of each f r a m e .  Thus p a r d l e l  da ta  outpu: i s  ea:-ly wit11 

r e s p e c t  t o  "on tiine" by 200 psecol-ds,  k s s  the rLdio propzgaiion 

t ime  i r o n  +he t r ansmi t t e r  t o  the dccoclcr. The  pa ra l l c l  readout  

of selected channels can  then be delivered "on t ime" b y  addiriz a 

fixed delay such that radio t r a n s m i s s i o n  delay plus fixed clelzy 

equals  200 pseconcls. 

Each t e r m i n a l  decoder  unit can  provide cutputs o i  40 channels  

f r o m  the 80 channel f r a m e .  

of dc level shift t ime  codes or  pulse r a t c s .  

The  oiitputs can be any combination 

The s y s t e m  de l ive r s  output s igna ls  with leading edges  which are 

Iton time'' with respec t  to the C e n t r a l  Gc l ierator within 1 psecond.  

Pulse-to-pul.. (2 spacing (or j i t t e r )  is a c c u r z t e  to  v,jt:Liti 0. 1 psccond. 

JRIG A ,  which has a I kpps repet i t jon r;Jte is  reconstructccl a t  a 

t e rmina l  site by using the 1 kpps f ranie  r;?arker channzl,  t h e  

"binary o m s "  channel, and  100 pps r a t e  channel for  posit ion 

identi fie r s . 

A i r  Force E'light T e s t  Center  - -  EdwErcis A i r  Fo rce  Base 

AFFTC ut i l izes  a 50- channel t ime  divis ion multiplex s y s t e m  to  

-__-__---------_--__----I_~ 

dist r ibute  t iming s ignals  via- U H F  rad io  OX a c a r r i e r  L'recluency of 

The t ime  division multiplex is genera ted  at the cen t r a l  tiriling 

facil i ty b y  sampiing 50 cha:inels of tirnc code arid pulsc r a t e  
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inforii-iatioii a t  a 50 H-Sz r a t e ,  providizig a P C ~ J  \ f ra \rs  t r a i n  \vitli a 

f r a m e  rate of 1000 f~.anies/seconc!.  Seven of the 50 c h a n ~ ~ e l s  a r e  

used to  t r ansmi t  a 7-Lit Ba rke r  word or its compl.eriient 011 

a l t e rna te  f r a m e s  f o r  f r a m e  synchronizat5on purp3se s .  

The  biphase coded PCM wave t r a i n  is t r ansmi t t ed  f r o m  the c e n t r a l  

timiilg facil i ty t o  the U H F  t r a n s m i t t e r  located on top  of a mountain 

via a microwave s y s t e m  using the full.  bzse bandwidth of the sys t em.  

The  mult iplex s ignal  is  transniittec! t o  reiiiote terniirial t iming uni ts  

throughout the range on the 1720 d - i z  UI!F rad io  chan:iel. 

T e r m i n a l  t iming units provide a d e m u l t i p l . ~ x e r  vrhich is  synchronj  zed  

by means  of the B a r k e r  sync words .  

demultiplese;  contains a flip flop stor2,nge elenicnt.  

elenleiits a r e  clocked with a singlt? c lock  a t  thc end of each 1 ;:IS 

frame to  provide dc  level shift t ime  COCICS o r  pulse r n t c s  which Eire 

coincident and 1 ms late ,  relative to  the  &ginning of the f r a m e .  

E a c h  output channel of the 

A l l  s to rage  

T h e  t i m i n n  t.ermina1 iinits h a v e  o d i o n a l  rlliia-in de l av  iinit.; t h ; t t  

provide a delay adjustnle1:t range of z e r c  to  one mil l isecond with 

one ni icrosecond resolution. 

necessa ry  delay t o  compensate fo r  p rop-ga t ion  c1ela.y t o  a par t icu lar  

t iming t e rmina l  unit. 

The uni ts  CF-P be used t o  provide the 

The  t im>- Zivision niultiplcx dis t r ibut ion s y s t e m  i s  capable of r e -  

constructing t ime  codes with bit r a t e s  a s  high as  1 kpps. . .  
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Rccoiistructed s e r i a l  i i ixc code and puXse r a t e  outputs froi-n the de -  

mult iplexer  a re  routed to  the instrui~lcxitation at the par t icu lar  

r emote  s i te  via neon d r ive r s ,  r e l ay  d r i v e r s ,  pen d r i v e r s ,  line 

d r i v e r s ,  e tc .  

Naval Ordnance Tes t  Station -- Chinc.. Lake 

The p r i m a r y  t?'mc code distribution at JSOTS is accoriiplished by 

VEIF rad io  a t  141 mF-Iz. 

amplitude modulate the c a r r i e r .  

L- -- 

Ah4 type IRIG B tin-ie code i s  used to  

Timing  inforination is t r ansmi t t ed  

via the VHF link f rom the Cc id ra l  t i m e  code generat ion point t o  

t iming t e x n i n a l  units at remote sites. 

A typical  t iming t e r m i n a l  unit has  one input which r ece ives  the 

1RIG l3 signa; frolil the output of the t i m i n g  r ece ive r .  The input 

c i rcu i t  deniodulatcs the t ime code \vord 2nd  ex t r ac t s  the 1 kpps rntc 

f rom t h a  IRIG B c a r r i e r .  The  1 kpps r a t e  is used  to  phase lock a 

loca l  1 kpps f ree- runa ing  clock. 

dow2 to  1 pps aiicl counted in  an  a c c u m d a t e r  i n  iRIG forin. 

T h i s  Icca l  clock s ignal  i s  divided 

T h c  

contents of the accumulator  is checked during each  t ime  f r a m e  by 

the demodulated code w o r d  der ived  from the input signal.  

lRIG 13 apd o ther  slower IRIG codes  a r e  regenera ted  a s  requi red  by 

the instrumentat ion a t  each s i te  by scanning the a,ccumula.tor at the 

appropr la te  r a t e .  

Unlike other t iming terriiiiial un i t s  wi;ic:i have locid stable cry-sta! 



the  recc ivcd  sigiial f r o m  the ccritrnl gene ra to r .  

loca l  1 kpps free-ruiiiiing clock which is  phase locked to  the 

IRIG R 1 kIIz c a r r i e r  reduces detection j i t t e r  froiri about SO m i c r o -  

seconds t o  about 8 microseconds.  

l lo\vever,  thc 

A t iming r e c e i v e r  is located in  the C e n t r a l  tiniiiig facjl i ty about 

3 miles froin the t r ansmi t t e r .  

t o  provide the s y s t e m  "on tinic" s ignal  a t  the output of the monitor  

r ece ive r ,  thus eliminating the delays i n  the transii l issioil  c i rcu i t  

f r o m  the gene ra to r  to  the t r a n s m i t t e r  a n c t  the modulate /demodulate 

de lays  of the t r a n s m i t t e r  and r e c e i v e r s .  Radio propagation dc lays  

t o  all instrumentat ion s i tes  on thc rarige are  compensated fo r  i n  the 

data  reduction computer  programs.  

The  t i m e  code geiicrator is  adjusted 

NOTs is  present ly  using a UHlFband at i 7 7 0  n31z on a re sea rc l i  ar id  

development basjs. 

time code in  the same  manner  a s  the IRIG B tiine code is  bro>-dcast 

on the V H F  channel. 

The present  plan i s  to broadcas t  the IRIG A 

White Sands Missi le  Range 

The p r i m a r y  rad io  distribution s y s t e m  xaw i n  operat jon i s  a 20- 

_-_-- _I 

channel time division multiplesed systcrn using c a r r i e r  f requencies  

i n  the 350-400 mHz  reg ion .  

r a t e  ancl a 100 kI3z channcl r a t e .  

Th i s  p r e s e c t  system has a 5 kI-1~ f r a m e  

Only 10 of thc 20 c!iannf:ls are 

cur ren t ly  i n  use  ( 1  s y ~ c  a d  9 data) .  

us jng  cz-rr ier  frequenc3cs in  the 1 S O C -  1C.30 I d I z  region with a 

A iicw IO-channel sys tem 
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10 MI-Tz f r a m e  r a t e  and a 100 kEIz channel  r a t e  is  prescnt1.y being 

evaluated, ai:d will  evcntLd1); rep lace  t h e  presen t  sysleni. 

The prcsent 350-400 iid-iz s y s t e m  u s e s  a t h ree - l eve l  (advance, 

normal, r e t a r d )  phase modulation of an F M  t r a n s m i t t e r .  F M  

re c e i ve r cl i s c r i mi n a t o r s r e c o ve r b i pola r pul s e out put s f r o 111 w hi c h 

the codes  and rates  can  be reconstructed. 

Decoder  units of the prescnt  s y s t e m  output the informztion f r o m  

each  channel a s  received,  consequently, t h e r e  is a 10 microsecond 

pe r  channel dclay and cliannel 9 in format ion  is delaycd 80 nGcro- 

seconds relat ive to channel 1 information. 

Decoder  units of the new (1SOO-1850 n11-3i;) s y s t c m  will  a s semble  

data f r o m  all channels i n  a shift  regis te l .  and output all clianncls 

T o  covcr the  la rge  geograpbic area of W S M R ,  the Racljo Distribution 

S y s t e m  uses a mountain top r epea te r  s ta t ion operat ing on a 

different  frequency than the t ransrn j t te r  a t  the central. t iming facil i ty.  

Th i s  iise of t rans la ted  frequencies  a l lows u s e r s  at intermecljate 

d i s tances  f r o m  the two t r a n s m i t t e r s  to  use the s t ronge r  of the 

two sigrials i n  areas where coverage of the two t r a n s m i t t e r s  over laps .  

George  C .  Marsha l l  Space Fliglit Cer?ter 

P rac t i ca l ly  a l l  t iming i s  dis t r ibuted in  the a r e a  v i a  an Flvl/I?hl rad io  

sys tem o ~ ~ r ~ t i n ~  at  226, 5 m313. 

D1, and D5) p lus  IRIG 3 and C are t ran~?:~i t tccI .  

__ ___- - - ~ _ _ . .  

T h r e e  of th? h h 4 R  tSme COC?CS ( B l ,  

E a c h  t i s ic  code 
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frcquei;cy mociulzLtcs a voltage controllc-d osc i l l a to r  whose output 

is  l i nea r ly  misccl with ather  VCO outprits F ~ L I S  two fixed frcquciicics 

of 100  l&Iz and 120 1 S z .  

modulates  a 2. 5 watt  226.5 rnI3z t r a n s m i t t e r .  

T h i s  collipositc waveforin then fl-eqLizncy 

Standard IRIG t e l eme t ry  s u b c a r r i e r  f requencies  are  used  (as 

tabulated below). Consequently, any d e s i r e d  time code o r  codes 

c a n  be recovered  f r o m  the recc ived  composi te  s ignal  by the use  

of s tandard  t e l e m e t q -  baxd separat jon,  and  cliscrimination equip- 

ment.  The  s tandard  7. 570 deviation i s  used on all channels .  

VCO Channel 

70 MIz  

40 kkIz 

II-_-___ 

Time Code o r  Signa! _____- 

IRZG L3 (modulated c a r r i e r  forn i )  

IRIG B (clc l e v e l  shift fo rm)  

IRSG C 5 . 4  H I z  

Ah?K B 1 30 W z  

AMI: B1 2.3 M-Iz 

The Ah43 B1 code is  t ransmi t ted  on thc 30 ktIz  cliaiincl t o  provide 

time code information with a high degree of resc!ution to  c e r t a i n  

using fac i l i t i es .  

Modulate /demodulate delays iil the transiii5tter and r e c e i v e r  a r e  

elimiliatcd i n  the distribiltiorl system by s teer ing  the time generztion 

system to  produce the "on time'' s i g n a l s  at the output of a r e c e i v e r /  

discrilnil iator used t o  mon i to r  the trayisinitted s ignal  i n  the time 

genera tor  faci l i ty .  T h e  dis t r ibut ion q<cl~-y is  thus l imited to  the 
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rad io  propagation 6ela.y f r o m  tile t r a n s x l t ’ i e r  to  the u s e r .  

C .  JVXRE DISTRlBUTION 

1. General  

Prac t ica l ly  a l l  faci l i t ies  involved i n  tin:? ng iitilize some  wi re  d is  - 

t r ibut ion i n  the sys tem.  Table 3 i s  a s u m m a r y  of major wi re  

dis t r ibut ion s y s t e m s  utilized a t  the National Ranges  , Service  

Ranges,  NASA faci l i t ies ,  and Track ing  Stat ions l i s ted .  

The Cormnunications and Da ta  T r a n s n i j s  sion Conitnittee of the 

]RIG Telc-Comrnuiiicatioiis \? orking GI:OLI~> is studying the problem 

of accura te  t ime code distributiou,zncI a - e  planning to publisli an 

IRIG clocuineiit i n  ea r ly  1967. that will s ~ - c i f y  i n  readi ly  incasure-  

able terms the cha rac t e r i s t i c s  which a t r a n s m l s s i o n  path and tlic 

s ignal  i tself  m u s t  have i n  o r d e r  to de l ive r  accu ra t e  t ime inforrnation. 

M r .  Spcrgeon E. Watford of WShT!R i s  cr..airntan of th i s  commit tee .  

2. Wire Distribution Table  

G e ne r a 1 

s y s t e m s  as l is ted in  Table 3 a re  br ie f ly  desc r ibed  in  the followjn;: 

section. 

Cable  Typn 

Cables used to  t r ansmi t  timing s igna ls  L~.l.l. into two ca tcgor ies  - -  
I___--- 

phone ]j,:es and \yf;iidc-.band p a i r s  o r  coax .  In  s o m e  c a s e s  these 
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the  cablcs  used t o  distribuie i imc  code s ignals  a r c  p i - i  of an 

existing Base Communications Flant  w l l o s e  cables w c ~ e  sclccfed 

f o r  re l iable  voice c oilli~l?l ni ca t io  17. s . 

The bull; of the tiining sjgnals a re  distributed by nieaiis of phone 

l i nes  (600 ohm twisted pa;,,). In gencr~ . l ,  only p r j m a r y  frequcncy 

s ignals  are t ransmi t ted  v i z  wicle-band cables .  

Sj gnal. Type - 
Time code s ignals  are coiixnonly tratisiLiit ted froill t he  tiirie coclc 

generator fac i l i t i es  to l e ino te  t iming tc.:.minal equipment. 

Time code s ignals  t o  be distributed via M i i r e  c j r c u i t s  a r e  usually i n  

a f o r m  that docs not requi re  extremely low f:-cquency response on 

the p a r t  of the  coinmunicatjoii c i rcu i t .  

width-coded arngljtlide-modulatecl c a r r i c  3- and tlie bipo!ai- pul:,c i:i 

which the pulscs clefire the leading and  t ra i l ing  e d g e s  of the \vjcltli-- 

coded signal.  

i t s  width-codccl clc level shift fo rm.  

also be constructed by the ternii i lxl  ut,jt if a c a r r i e r  frcqueIlcy i s  

supplied \ria a separa te  c i rcui t .  

'?\. o common forms a r e  t!:e 

Tcrii i i i ial  cquipncnt  call 1 cconstruct  tIie t i inc code i n  

X/lod.ulc..ted c a r r i e r  outputs m ~ . y  

Special  forms  of amplituclc modulation svch as  the sine squared 

envelope iisccl a t  NASA h l c r r j t t  Island 0; :  lengt l iy  c i r c l i t s  are choscn 

to  proL-fcie inaxinium r i s c  t i n e  consistent with accep?ablc  "c ross  

t a l  1tf inte r fe  ] *e  X ~ C C  . 
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Delay Per  Mile 
c_ ____ 

T i m e  code signals translnitlecl by  w i r e  c i r c u i t s  c a n  havc delay pe r  

mile f igures  that range f rom less  than G microseconcls per  mile  

fo r  open wi re  line to  more  than 50 microseconds  pe r  mile  f o r  niu!.ti- 

conductor cab le s .  

Maximum Distance 

The distance tha t  a par t icular  t ime  code can be accu ra t e ly  t r a n s -  

---- - 

mitted depends upon the quelity of the wj:e circuit .  and the com- 

plexity oi the t e rn i ina l  device that interp.-cts or r egene ra t e s  the 

t ime  code. 

The e n t r i e s  i n  thj.s columli a r e  the distnr;ce over w!iich t!ie l i s ted  

tinic codes are  o p -  rationally d is t r ibu ted  and  not the inaxinium 

' distance which could be obtained. 

T e r m j i i a l  Equipment  

Terniina.1 t iming equipment  accepts  tile t l ine code informaticn f rom 

t h e  distyibution s y s t e m  arid d e l i v e r s  time code inforniatjo:i t o  tlie 

___ __ 

user. 

provides isolation (Luffering), impedance matching, ancl power gain 

between the t r ansmiss ion  line and the us5:ig equipment.  

The  t iming te rmina l  unit can  be z single an ip l i i i e r  which 

hlore 

elaborate  timing t e rmina l  linits perfor::> a var ie ty  of functions such 

a s  filteririy, detecting, and regenerat ing z noise- f rec  t ime  code oct-  

put, or r e shap ing  the t ime coclc f r u m  a rr-:odulatcd c a r r i e r  input 

form to  co:!trolled cu r rcn t  pxlse s 111 a t:t3an lanip. 



T e r m i n a l  units irirry approzch t ime  code g e n e r a t o r s  i n  coinpIexity 

and be capable of outputti-;S c? wide var ie ty  of t ime  coclcs a n d  pulse 

r a t e s .  . 

T e r mi na l  Delay 

T h i s  is the effective delay be twee i~  the t ime  code as  rece ived  arld 

the t ime  code output from the terniinal unit. 7Vhen the t e r m i n a l  

unit outputs a r e  in  the fo rm of m e c h a n i c d  contact c losuyes  ( r e l ay  

contacts) ,  then delays can be f r o m  3 to 5 Inillisecotids. When the 

t e r m i n a l  outputs are  e l ec t r i ca l  s ignals ,  then the delay will  depend 

on the  method of detection and the bandwidth of the ampl i f i e r /  

de tec tor  /output d r i v e r  c i rcu i t s .  

De lay C om pe n sa t  i o n 

Compensation for  distributioii dzla  ys c;ili be achieved by adjustment  

---_-- __.- 

of the t ime  of del ivery of the t ime C O C ~ C  signal, o r  by adjustment  i n  

the data  rediiction p rocess .  

When conipensatjon is  achieved by adjustment  of the t ime  of del ivery,  

the t ime  codes arc generated ea r ly  by a t ime  incrernetit g r e a t e r  than 

the niasimuiii diatributjon delay and var iable  delay c i r cu i t s  are 

zddeci a t  each  site to  brjng the del ivered s ignals  "on t ime .  I '  

Delay conipeiisation can also be achieved i n  t e r m i n a i  units which 

Lctually generate  a t ime code cor-trolled by compar ison  to the 

del ivered tilxe code si,anal. T h i s  comp:::-isori p rocess  can be 



adjustccl t o  11-iaintain t h e  generated code i:i advance of the received 

time code sigiial by a n  amount of t ime equa l  t o  the dis t r ibut ion 

delay. 

3. Descript ion of Repre  seiitative Wire  Distr ibut ion S y s t e m s  

Genera l  

T h i s  section of the Tiizle Code  Study p r e s e n t s  a brief descr ip t ion  

of representa t ive  wi re  distribution s y s t e m s  which are  i n  exis tence 

at some of the Natjonal. Ranges ,  Se rv ice  Ranges,  and hTASA fac i l i t i es  

l i s ted  i n  Table  3 .  

IR lG Document Number 103-59, Iiistrunieritatioii Timing Sys tems  

Brochurz ,  is present ly  i n  the p r o c e s s  of revis ion and wi l l  contain 

more  compl +,e information regard ing  thc major i ty  of these t iming 

sys t ems .  

A i r  F o ~ c e  E a s t e r n  T e s t  Range - -  Capc !<ciinedy 

Timing distributior, is accol-riplishccl a t  AFETR by m e a n s  of both 

_I-________-p __ _.__- 

rad io  link and telephone l ines .  T i m e  signzls a re  dis t r ibuted by- 

telephoiie. i jnes  to  areZLs within 10 m i i e s  o f  each  c e n t r a l  gene ra to r .  

The majori ty  of the timing inforniation dis t r ibuted v i a  phone line i s  

t ransmi t ted  to  tcrmin;il timilig units in  t?ic fo r in  of bipolar pulse 

p a i r s  and 1000 H z  s i n e  wavcx s ignals .  

wjdth-coded t ime code bit js t ransmi t ted  as  a pulse of one polarity 

a.nd the t ra i l ing  edge a s  a palsi: of the op1)osite polarity.  

-7 1 I r;e leading edge of each  

E a c h  pair  
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of pulses is reconsti tuted to  Ll-ic oi-igii~rd d c  leve l  sliif; width- coded 

t ime  signal i n  thc terminal  unit. The rnodulatccl carr icr  f o r n i  of the 

t ime  codc signals a re  rcgcnei.aicd i n  thc3 t e r m i n a l  unit b)- modulating 

the 1000 I-Iz sine wave signal received on a sepa ra t e  phone line by 

the reconstituted dc  level  shift signal.  T h e  t c r rn ina l  t iming units 

contain c i r cu i t s  t o  phase shift the 1000 117, sine wave to cause  cycle 

c ros sove r  t o  be coincident with the leading edges  of the clc l eve l  

shift  codes. 

There  Is a l imited amount of t ime code s ignal  djs t r ibui ioi i  i n  the 

f o r m  of amplitude niodulnted c a r r i e r  sigi:ds on phone l i ncs ,  a s ,  

f o r  instance,  IRIG B oii a 1000 H a  car r ie r .  AFXTK pcrsonncI have 

found that t h i s  fo rn i  of the tiLme codes can be most  accurately 

del ivered t o  u s e r s  by t ransmjt t ing the wid th  iiiodulatcd inforniatjoii 

i n  the bipolar pulse posjtlo:i forill and rn2dulating the separate1;- 

t ransmi t ted  c a r r i e r  as described abovc. 

Other  codes a r e  t ransmit ted as  presence-abseace  data  S i t s  or;. one 

c i r cu i t  and position identifier bi ts  on  a scconcl c i r cu i t .  

code is used w h c r e  t ime  d a t a  is being e:-.:erecl into a s h j f t  r e g i s t e r  

Th i s  type of 

f o r  s torage .  

NASA Mci-ritt Jsland J a u n c h  A r c a  

Timing distribution a t  the  h\.!erritt Islaiirl Lxunch A r e a  is per formed 

____I___c__-___ _-- 

en t i r e ly  by wire c i r zu i t s .  
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Tinijng s ignals  arc E;c.nr:r?Ltcd by a cen t r a l  tiiiic: gcncrat ion station 

and two subcent ra l  t ime  generation stations.  

s ta t ions a re  synchronjzed. by e a r l y  sigriF-ls t ransni i t t cd  f r o m  tbe 

c e n t r a l  t ime generat ion station and dclz-j-cd to  provide s ignals  which 

are “ 0 1 1  t ime”  with the central  t i m e  gencra t ion  sys t em.  

The  tx7o subcenl ra l  

Tinljng s ignals  are  distributed iron1 the  cen t r a l  t i ine generat ion 

systcii i  and the two subcentral  t i m e  genera t ion  sys t ems  to t iming 

t e rmina l  unjts at r emote  instruinentat ion sites via  telcp!ionc pa i r s .  

Tiniing inforination is  t ransmi t ted  to  thc  t iming t e r m i n a l  units i n  

the f o r m  of bipolar pulse p a i r s  and 1G00 Hz sine wave  sigilals over  

d is tances  up  to  4 miles .  

The leading edge of each width-codeJ ti:jic code bit is transmittec! 

a s  a pulse of one polarity and the trai1i;:g edge as rz. pulse of  the 

opposite pDlarity. 

or iginal  clc leve l  shift form i n  the timill:; t e rmina l  unit. 

Eacl:  pair  of pu lses  i s  reconst i tuted to  thc 

Thc  

modulated c a r r i e r  f o r m  of the t ime  c o r i ~ s  is  regenera ted  when 

requi red  by a modulator c i rcu i t  which 11 >t?s the reconst i tuted dc 

l eve l  shif t  f o r m  of the s i g ~ a l  t o  moclulatc the 1000 M z  sim wave 

transr;:;’ttcd to t h e  timing terriiinal uziit on another telephone line. 

The tirning teri i i inal  i i r i i t  coritaivs a cil-cult t o  phase shif t  the 

1000 1 : ~  sine wave to c a u s e  cycle crossc)\rcz to  be coincjclent with 

the leading edges of the dc level  shift c - 2 ~ .  

. .  
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NO dela)- coixixnsr?tion is  pro:,-icicd in  tIie tiiiiing teriiiiiial units.  

Propi?--gation delay-s aye  rncas i r red  by iiiec7.n~ of portable clock and 

used i n  dc?ta reductiox, i f  r equ i r ed ,  

T h e  t iming t e r m i n a l  onits provide outputs requi red  f o r  the 

instru;nentat ion at each site -:ia neon d r i v e r s ,  r e l a y  d r i v e r s ,  line 

d r i v e r s ,  siiic wave d r i v e r s ,  modulator  aznplifici*s, e t c .  

T iming  s ignals  a r e  dis t r ibuted to mort rcmote points on the 

faci l i ty  (a t  d i s tances  u p  to  20 miles) usjtig a s e r i e s  of spec ja l  r e -  

genera t ive  r e p e a t e r s .  This s y s t e m  t rans i i i i t s  a riiodula_ted c a r r i e r  

2 
signal  utilizing a sine modulation. Po\vc??- for  tl;e reino?c r e p c a t e r s  

is t r ansmi t t ed  over  the cable f r o m  the siz:I=al sourcc .  

are  placed in  the line at approsim?.tely 7--1&.1e iiitcrvals. 

Rcpca te r s  

John F. Keiinccly Space Center  document  SP4-49 (Revised Septe;nbcr 1, 

detailed de sc:-Iption of the NI’SA h4crr i t l  Is land Launch A r e a  t iming 

sys t em a s  well  as other  pertinent inform-ttion on tlie subject  of 

t iming.  

A i r  Fo rce  Flig!it Tes t  Center  -.- E d w a r d s  A i r  Force Rase 

Wire distribil t ion or’ timing s igna ls  2-t AFE’TC is liiiijted to  d is t r ibu-  

-_-_ - -- -_-_______ 

t ion of I n J G  1; t ime  code in thc mad~ilated c a r r i e r  f o r m  to  users 



The priine user  of th i s  s ign?. l  is  the Ground Support U n i t  f o r  a bank 

of portable a i rborne  tinie code g e n e r a t o r s .  

T h i s  unit accepts  the X N G  B sigiia.1 f r o i n  the c e n t r a l  tiniing faci l i ty  

and gene ra t e s  a l oca l  IRIG P, t ime code and  pulse r a t e s  of 1000, 100, 

10, and 1 pps tha t  a r e  synchronized t o  t h e  re ference  input t ime 

code to  within 5 pseconds.  

time codes a re  used as  a re ference  aga5nst which the portable a i r -  

craft t imc  code genera tors  a r c  coinpare? and synchrnnizcd. 

These  locally genera ted  p d s e  rates ax1 

T h e  portablc a i rcraf t  t ime code gene ra to r s  a r e  normally plugged 

into the Ground Support Un i t .  

i n  test a i r c r a f t .  

them to  continue to  op2ratc until they a rc  inst:t;led and can  opera te  

on aircraft power. 

When neci!ed, they c2-n L e  instal led 

The units contaSn a d c q v - t e  b,zttery poi:rel- t o  c nable 

Pacif ic  h l i ss i ic  Range - -  Point Musu, C:nlifornia 

Timing s ignals  are  distributed over 2- cable network op:?ratccl by tiic 

-___ __ 

Test  Coininunications Group who accept  the liix drivcr oxtputs of 

the t ime  code generating s y s t e m  and del iver  s ignals  t o  the t l :ming 

termiiial units at inFtrunientation sites and data processing s i t e s .  

Distr ibutcd t ime  codes art: XRJG B, C ,  13, and E; all with 1 kHz 

mo=lul~tec! c a r r i e r .  



requi red  outputs zt the u s e r s  location and /o r  to  provide multiple 

amplif ier  outputs f o r  subdistribution a t  the instnimentat ion s i t e .  

White S a n d s  Missi le  Ranee  

Multiconductor 19-gauge cables and open w i r e  l ines  are used to 

dis t r ibute  t iming s ignals  at WSMIi. These  signals are dis t r ibuted 

f r o m  communicat ions centers .  

communicat ion center  using high quali?ty wide band c i rcu i t s  

Timing data is delivered. to  e a c h  
c .. m. .. .. 

(microwave liriks: e tc .  ), arid is dis t r ibuted f r o m  each communicat ion 

center  to u s e r s  \-&thin a six-mile r ad ius  of tiiat cen ter .  
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